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In  two  preceding papers  (1,  2)  the  results  of a  series  of tests  for  the 
detection of poliomyelitic virus in human stools and in sewage are recorded. 
The methods used in  these experiments have been  somewhat crude and 
exploratory but all of them have been devised with essentially the same end 
in view, which is  to prepare the material for intra-abdominal inoculation 
into monkeys in the largest amounts that this animal can stand.  It would 
be an obvious improvement in method if the virus could be concentrated 
within one fraction of the original material,  and if the other,  potentially 
toxic fractions, which do not contain virus, could be eliminated.  This then 
is the aim of the method described in this note.  It has been tried on natural 
material  (viz.  on  specimens  collected  during  epidemics  of  poliomyelitis) 
rather than upon material rendered artificially infectious through the addi- 
tion of virus from suspensions of spinal cord.  The use of natural material 
has of necessity limited the number of observations, for the chance of finding 
suitable samples of sewage or stools has not arisen often.  But it has seemed 
wiser to limit our efforts to  these few specimens, since  artificial material 
would not have given the exact conditions under which the virus exists in 
nature.  Details about the collection of the sewage specimens, the manner 
in  which  the  tests  were made,  and  the  criteria  for  the  identification of 
poliomyelitic virus are recorded in the previous papers  (1,  2). 
Orienting  Tests 
From the onset of our experiments with sewage, it was assumed that if 
the virus was present there, it was probably in a highly diluted state, and it 
seemed desirable, therefore, to use as large an inoculum as possible for the 
infectivity test.  However, the toxicity of the material and the resulting 
numerous deaths among monkeys receiving more than  50  cc. in  a  single 
injection,  sharply restricted the amount that  could be used in  each test. 
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The results of tests on monkeys with raw sewage (to which ether had been 
added for bactericidal purposes)  are shown in Table I  in which the acute 
fatality rates attributed to the direct effect of the inoculation are classified 
according to the amount of material injected. 
Only one Of 29 monkeys receiving 15 to 20 cc. died as a result of the inoculation (and 
this one received diluted sludge), whereas 2 of 5 receiving from 24 to 33 cc., and 7 of 10 
receiving more than 50 cc., died.  2 animals of the last group received part of the ma- 
terial subcutaneously.  Both of these died, and death was obviously due to large dis- 
secting  abscesses in  the abdominal wall.  No signs  of peritonitis were  found.  In  2 
further tests, the total inocula  amounting to 120 and 58 cc., respectively, were each 
divided into 2 doses, which  were given a day apart.  In spite of this precaution, one 
of the animals died.  6 of the 10 fatalities occurred within 2 days after inoculation.  In 
these cases the autopsy revealed acute non-purulent peritonitis, with or without fibrinous 
exudate and often with signs of paralytic ileus.  Cultures on blood agar from the exudate 
usually showed no significant growth. 
TABLE  I 
Acute Fatalities after Intra-Abdominal  Injection of Different Quantities of Etheri~e~ 
Plain Sewage 
Size of inoculum  Number of monkeys  Number which died  inoculated  acutely  Mortality 
co.  pe~ cent 
15-20  29  1  3 
24-33  5  2  40 
50-200  10  7  70 
From these data, at least two features are obvious:  (a) that subcutaneous 
injection of sewage is not feasible, at least in the amounts used; and (b) that, 
due  to  mechanical  or  chemical  reasons,  the intra-abdominal dose  of  raw, 
etherized sewage should not exceed 20 cc.  On two occasions, however, this 
quantity  was  not  sufficient to produce  the  experimental disease,  whereas 
larger amounts of the same specimens proved infective.  A  concentration 
of the material and the removal of its toxic substances,  therefore, seemed 
highly desirable.  To attain this double purpose a procedure of fractionation 
of the material seemed to be the method of choice.  Since several authors 
(3) have shown that the virus of poliomyelitis can be precipitated from cord 
suspensions  by  50  per  cent  saturation  with  ammonium  sulfate,  it  was 
decided to test the practicability of this method in the present study. 
Methods 
In preliminary experiments the following observations were made.  The precipitate, 
formed after 50 per cent saturation with ammonium sulfate of a plain stool suspension 
or sewage, could not be easily separated by means of filtration through paper.  The SVEN  GARD  781 
filtrate  thus obtained was far from clear and the filter soon became clogged.  Separation 
could not be readily  accomplished  by means of centrifugation  either.  However,  after 
the addition of a small amount of ether the precipitate  floated and formed, after centrif- 
ugation,  as  a distinct  and compact disk on the top of the water-clear  fluid.  It could 
then be readily  removed with a spatula.  With sewage it was more difficult to collect 
the precipitate,  as the top disk, consisting mainly of solid particles  originally present  in 
the specimen,  was quite  fragile.  By the addition to the specimen of an appropriate 
amount of protein,  the consistency of this disk could be increased and the collection of 
the precipitate  facilitated.  For this purpose egg white was chosen in preference to serum, 
as being less likely  to contain virus-neutralizing  substances.  A protein solution  was 
prepared by cutting with scissors the white of one egg, adding 50 cc. of distilled water, 
shaking frequently,  and filtering through paper.  1 cc. of this solution added to every 
100 cc. of the sewage specimen proved sufficient to give the desired result. 
The method finally  adopted was as  follows: To the  specimen  of sewage (or  stool 
suspension) was added 10 to 15 per cent by volume of ether and the sample was then 
kept in the ice-box overnight.  It was then filtered through gauze.  1 cc. of egg protein 
solution  and 40 gin. of ammonium sulfate  crystals  were added to every 100 cc. of the 
specimen.  (In  the  case  of stool  suspensions,  the  addition  of  protein  was  omitted.) 
After centrifugation  at 2000 R.P.M. for 30 minutes,  the top disk was collected  and re- 
suspended  in a  small amount of distilled  water.  It will be referred  to as precipitate. 
The clear subnatant fluid, after removal of the disk, was passed through filter paper and 
has been designated  as fraction A.  Each fraction was then placed in a cellophane bag 
and dialyzed overnight against tap water at 4°C. in order to remove the excess ammonium 
sulfate.  The dialyzed  precipitate,  which as a result  was partially dissolved, was then 
centrifuged;  supernatant and sediment  were separated,  and the latter suspended  in dis- 
tilled  water.  Thus the 3 final  fractions  were:  A.  The clear  fluid  after precipitation 
and dialysis.  B.  The water-soluble part of the dialyzed precipitate.  C.  The insoluble 
residue of the dialyzed precipitate. 
EXPERIMENTAL 
This  method was  first  tested  on known infective material  (sewage  and 
stool  suspensions)  and  these  results  appear  as  the  first  3  experiments 
in  Table  II. 
The  purpose  of the  first  experiment  was  to  find out  whether  the  virus 
was precipitated or not. 
Experiment 1.--20 cc. of a pooled suspension of 2 positive stool samples was fraction- 
ated and the 3 separate  fractions  A, B, and C were inoculated  intra-abdominally into 
3 rhesus monkeys.  At the same time 20 cc. of the untreated specimen was given to a 
fourth (control)  monkey. 
The control animal  (No.  12-86)  developed poliomyelitis on the 9th day, 
proving that the stool suspension was active.  Of the 3  test monkeys only 
the  one  (No.  12-88)  receiving  fraction  B  developed  experimental  polio- 
myelitis.  Thus,  the active virus was found in this instance, in the water- 
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In 2 further experiments on sewage which was known to contain the virus, 
the following attempts to concentrate this virus were made. 
Experiment  L--Sewage specimen C, from a  pumping station in  Charleston,  S.  C., 
described in the preceding paper (2) was, when first tested, found infective in a dose of 
125 cc.  After it had been kept in the ice box for 2 weeks, 100 cc. of this specimen was 
TABLE  II 
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20  None  (control) 
20  Fraction A 
20  "  B 
20  "  C 
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q-  13-88 
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Passage 
f 
Monkey  Result 
No. 
12-53  Polio. 
13.05  Polio. 
12-91  Neg. Tbc. "4-t 
13-00  Polio. 
13-14  " 
Polio. 
Neg. 
Legends as in Paper II, Table I. 
* See Paper I. 
t Tbc. d- =  this animal had tuberculosis. 
See Paper II. 
§ Given in two injections, a day apart. 
fractionated and  the 3  fractions injected intra-abdominally into 3  monkeys.  At the 
same time a  control animal  (No.  12-50)  received 19 cc.  of the plain (unprecipitated) 
material. 
One monkey (No.  12-55)  receiving fraction C,  developed poliomyelitis 
on the 12th day; the others, induding the control animal, remained well. 
Thus,  in  this  instance  active  virus  was  demonstrated  in  the  insoluble 
fraction of the precipitate. 
Experiment  3.--After 2 weeks of storage in the ice box, 200  cc. of another positive 
sewage specimen, K-l, from a hospital in Detroit (2) was fractionated.  Fraction A was 
discarded.  Fractions B and C, and 20 cc. of the untreated specimen were injected intra- 
abdominally into 3  monkeys. sv~  GnRD  783 
The  control  animal  receiving  the  plain  sewage  (No.  13-04) remained 
well.  The monkey receiving fraction C died from an intercurrent infection, 
whereas  the  monkey  (No.  13-06) inoculated  with  fraction  B  developed 
poliomyelitis on the  15th day. 
The method was next applied to a  sewage specimen of unknown virus 
content in the following manner. 
Experiment 4.--The sewage specimen listed as specimen L in Table I of the preceding 
paper (2) was relatively fresh (1 day old) when precipitation was done.  It had been 
collected in Buffalo,  N. Y., during an epidemic of poliomyelitis,  and represented pooled 
material from 4 sewers which served a poor residential community of about 750 people. 
The usual dose of 20 cc. of plain etherized sewage was first inoculated into one monkey 
(No. 13-28) and this animal serves as a control.  Precipitation of 200 cc. of this same 
specimen (a volume equal to 10 times that of the control dose) was then done and after 
dialysis the combined  fractions B and C were inoculated intra-abdominally in a dose of 
20 cc. into one test monkey (No. 13-35).  Fraction A was discarded. 
The results also appear in Table II.  The monkey receiving the unpre- 
cipitated sewage remained well but the second animal (No. 13-35) developed 
typical poliomyelitis on the 16th day.  In spite of 5 trials we were unable 
to pass this strain to another monkey, and as such, have not included this 
as a positive result in our series of sewage tests (2).  In spite of the failure 
of passage, whether due to the fact that the strain was attenuated or unsatis- 
factory in  other ways, the  experiment at least shows  that a  neurotropic 
agent (which was probably, though not definitely poliomyelitic virus) was 
demonstrated in the precipitated material from this sample of sewage and 
was not demonstrated in the unprecipitated sample. 
Other experiments were also run by this method.  Most of the experi- 
ments were performed on sewage, and most of them are listed in the tables 
of the preceding paper  (2).  Altogether 25 monkeys have been inoculated 
with precipitate  (or  concentrate)  in  amounts equivalent  to  from  100  to 
250 cc. of the original unprecipitated material, representing a concentration 
by volume of from 10 to 50 times.  4 animals died as a result of the inocula- 
tion.  In  one  case  a  subcutaneous injection proved  fatal.  One  monkey 
died from gas gangrene.  The 2 remaining deaths were caused by 2 highly 
toxic specimens, one from a latrine pit, the other consisting of sludge from 
a sewage disposal plant.  Subcutaneously inoculated animals excluded, the 
rate of acute fatalities due to the injection of the precipitated material was 
12.5 per cent (3  out of 24 animals), as compared with an acute mortality 
of 55 per cent (5 out of 9 animals) recorded in monkeys infected with com- 
parable doses of raw, etherized sewage.  This would seem to indicate that 784  III.  POLIOMYELITIC VIRUS IN  SEWAGE AND  STOOLS 
at least part of the toxic substances originally present in the material had 
been disposed of during the procedure of fractionation. 
DISCUSSION 
Little attempt will be made to make general statements about the efficacy 
of the method just described except to  state  that it seems promising for 
use in field work on the epidemiology of poliomyelitis.  It is hard to say 
how many experiments would be necessary before more definite statements 
could be made, because the composition of sewage is such a variable thing. 
Besides pathogenic bacteria and perhaps other viruses, there are undoubt- 
edly toxic substances in sewage that are  capable of killing monkeys quite 
promptly when sewage is injected intraperitoneally in sufficient amounts. 
It is probable  that most of these are  neither precipitated by  ammonium 
sulfate nor retained by the cellophane membrane.  On the other hand the 
concentrate, obtained with the method just described in this paper, prob- 
ably contains bacteria as well as virus; and as etherization sometimes seems 
to be ineffective in killing sporulating pathogenic microorganisms, the injec- 
tion of the whole precipitate still carries with it the potential danger of  a 
fatal bacterial infection.  We had hoped to obtain the virus in fluid medium 
after precipitation, thus being able to discard the insoluble residue contain- 
ing  practically  all  the  bacteria.  This  was,  however,  considered imprac- 
ticable  on  account  of  the  inconsistency of  the  results  in  2  experiments. 
Clark (4) found similar variations in the physical properties of poliomyelitic 
virus after precipitation of cord suspensions.  Obviously therefore, further 
studies  on  the  "solubility"  of  the  virus  under  various  conditions  are 
necessary. 
The  maintenance  of  strict  sterility  throughout  the  concentration  pro- 
cedure  presents  another  problem,  the  difficulties being  particularly  con- 
nected with the sterilization of the cellophane tubing used for the dialysis. 
No  satisfactory  device  for  this  purpose  has  so  far  been  found.  In  our 
experience, the chance of a  laboratory  contamination must be considered 
very small, but this problem, nevertheless, has to be solved. 
SUMMARY 
I.  The active agent in sewage and aqueous suspensions of human stools, 
capable of producing poliomyelitis in rhesus  monkeys after intraperitoneal 
inoculation, can be precipitated by 50 per cent saturation with ammonium 
sulfate, and no loss of activity seems to occur during this procedure. 
2.  The precipitated  virus  is not  consistently  "redissolvable"  in  water. SVEN GARD  785 
3.  By precipitation and subsequent dialysis of the precipitate, a prepara- 
tion is obtained which may be smaller in volume, and is less toxic for mon- 
keys, than was the original material. 
4.  The procedure can be applied in tests on the infectivity of stools, and 
sewage specimens. 
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